Objective: To investigate sequential Doppler changes in donors and recipients before and 1 week after endoscopic laser for twin-to-twin transfusion syndrome (TTTS) and to examine factors that may be associated with such changes.
| INTRODUCTION
Twin-to-twin transfusion syndrome (TTTS) is caused by preferential passage of blood through placental vascular anastomoses, which leads to hypervolemia and polyuria in the recipient fetus and hypovolemia with oligoanuria in the donor twin. 1 These hemodynamic changes can be Endoscopic laser coagulation of placental anastomoses is the firstline treatment of TTTS. 3 Preoperative Doppler abnormalities have been examined in relation to fetal survival, and most studies showed concordant results on the increased rate of donor demise in cases with AREDF in the umbilical artery. [4] [5] [6] [7] In contrast, several cross-sectional studies have
shown that abnormal donor umbilical artery Doppler and recipient ductus venosus flow, assessed in the postoperative period between 24 hours and 4 weeks after laser, were not significantly associated with an increased mortality. [8] [9] [10] [11] [12] However, longitudinal assessment of fetal Doppler findings across the perioperative period and investigation into the possible causes for nonimprovement in fetuses surviving beyond the early postoperative phase have not been systematically conducted.
The aim of this study was to investigate sequential changes in donor and recipient Doppler findings before and 1 week after endoscopic equatorial laser for TTTS and to examine preoperative factors that may be associated with such changes.
| MATERIALS AND METHODS
In this prospective observational study, endoscopic equatorial laser was conducted as the primary treatment of TTTS in all consecutive monochorionic diamniotic twin pregnancies referred to our fetal surgery center over a 5-year period (2011) (2012) (2013) (2014) (2015) . In all cases, a detailed ultrasound examination (RAB 4-8 transducer, Voluson E8, GE Medical Systems, Milwaukee, Wisconsin) was performed within 48 hours before laser treatment. The minimum required criteria for the diagnosis of TTTS were oligohydramnios in the sac of the donor, defined as a deepest vertical pocket of amniotic fluid of ≤2 cm, and polyhydramnios in the sac of the recipient twin, defined as a maximum vertical pocket of ≥8 cm before 20 weeks' gestation and ≥10 cm thereafter. The estimated fetal weight was derived from the appropriate reference ranges for gestation 13, 14 and the intertwin discordance in estimated fetal weight was calculated as the weight difference divided by the weight of the larger twin. Fetal growth restriction (FGR) was defined as an estimated fetal weight at or below the 5th percentile.
Fetal Dopplers were considered abnormal if the end-diastolic flow (EDF) and the a-wave were absent or reversed in the umbilical arteries and in the ductus venosus, respectively.
Endoscopic laser surgery was performed using a semirigid 3. 
| Statistical analysis
Comparisons of the examined parameters between different groups were performed using the Chi-square test or Fisher's exact test for categorical variables and the Mann-Whitney U test for continuous variables. The tests were considered significant at a P value of <.05 using 2-tailed tests.
The data were explored and analyzed using the statistical software 
| RESULTS
Endoscopic laser treatment was conducted in 151 twin pregnancies with TTTS during the study period. Table 1 shows the main obstetric and fetal characteristics of the study population. Survival rates at hospital discharge of both twins, at least one twin, donors, and recipients were 56.3%, 81.5%, 62.9%, and 74.2%, respectively. The respective percentages at 1 week after laser treatment were 79.5%, 95.4%, 85.4%, and 90.1%. The causes of twin loss are reported in Table 2 . In 10 (6.6%) of 151 pregnancies, selective fetocide was performed at least 3 weeks postintervention following the diagnosis of a major brain injury. Table 3 (Table 3 ). There was no significant difference in the rate of IUD between recipients with normalization of ductus venosus
What's already known about this topic?
• What does this study add?
• In about 70% of TTTS donors with abnormal umbilical artery Doppler, there was normalization of flow 1 week after endoscopic laser.
• In our series, the incidence of fetal growth restriction Only 2 previous studies assessed fetal Doppler findings at 1 week after laser treatment, which was conducted mainly using the selective technique and reported no significant association between postoperative abnormal umbilical artery Doppler and donor survival at 30 days and 6 months of age, respectively. 11, 12 The main differences with our study are that firstly, we considered as the main outcome spontaneous IUFD, rather than postnatal survival, to remove other causes of death, Numbers are presented as n (%).
such as miscarriage before 24 weeks, selective fetocide, and neonatal death (Table 2) , which more are difficult to relate to early postlaser Doppler findings. Secondly, in our study, laser treatment was conducted using the equatorial technique in all cases and it is possible that, The preoperative finding of umbilical artery AREDF in TTTS donors can be considered as a sign of severe hypovolemia, placental insufficiency, or both. 18 The coexistence of severe FGR was found to be an additional risk factor of donor's demise in previous studies. 4, 6, 12, 19 Our data showed that, among donors surviving at 1 week after laser treatment, the incidence of FGR was similarly high in the group with Doppler normalization and in cases with persistently abnormal findings ( Table 4 ), and that in 68% of growth restricted donors with prelaser Doppler abnormalities, there was normalization after treatment, suggesting a hypovolemic cause of preoperative findings in these cases more than a hypoxic mechanism. However, we cannot exclude that the lack of association between donor FGR and persistence of Doppler abnormalities may have also been influenced by the small sample size; therefore, future studies should investigate this finding further.
In this study, the proportion of cases with oligohydramnios, as opposed to anhydramnios, was higher in the group with persistently abnormal Doppler findings compared with cases with postlaser normalization ( Table 4 ). The possible explanation for this finding is that, in donors with anhydramnios, AREDF in the umbilical artery is more likely to reflect a progression in the severity of hypovolemia into anuria, which can be improved by laser treatment with consequent reappearence of a positive EDF. In contrast, the presence of some amniotic fluid in the sac of the donor, which was more common in the group with persistence of abnormal Dopplers, may suggest that preoperative AREDF in these cases was more likely due to the coexistence of placental insufficiency and, in this respect, laser coagulation of the vascular anastomoses would not be able to restore a normal placental function in these donors.
The incidence of persistent Doppler abnormalities in recipient fetuses was very low and, in the vast majority of survivors 1 week after treatment, there was normalization of ductus venosus flow. This finding confirms that endoscopic equatorial laser is effective in reversing recipient's hypervolemia, and it supports the concept that donor persistent umbilical artery AREDF may be because of other causes than hypovolemia.
The strengths of our study are that we analyzed a large consecutive series of TTTS pregnancies undergoing endoscopic laser as the primary treatment with complete follow-up and using in all cases the equatorial technique, also known as "Solomon" technique, which has been recently shown to be preferable to the selective approach because it is associated with a lower rate of postoperative recurrence of TTTS and development of twin anemia-polycytemia sequence. 16 The main limitation of our study is the small number of donors with persistently abnormal Dopplers; therefore, our results should be confirmed in larger series. In addition, we did not report any information about long-term neurological development, which requires a longer follow-up period. Abbreviations: DV, ductus venosus; EDF, end-diastolic flow; EFW, estimated fetal weight; EFWD, estimated fetal weight discordance; IUD, intrauterine death; UA, umbilical artery. Numbers are presented as median (range) or n (%).
*P < .05 compared with the "Normal-Normal" group. **P < .05 compared with the "Abnormal-Normal" group.
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